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(57) ABSTRACT

A culture dish (1) comprising a basic structure (2) with a
number ol macro wells (4) for culturing oocytes and embryos,
the culture dish further comprising a Iid (3) with a movable
part (8), the movable part (8) having an opening (11) adapted
to the size of the macro wells (4), the movable part (8) being
movable between a {irst position where all macro wells are
closed by the lid (3) and further positions where for each
turther position (11) the opening (11) 1s aligned with one of
the macro wells (4) to allow access to this macro well (4)
through the opening (11) 1n the lid (3).

16 Claims, 11 Drawing Sheets
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CULTURE DISH FOR CULTURING
BIOLOGICAL CELLS

This application claims the benefit of European Applica-
tion No. 04014805.8 filed Jun. 24, 2004 and PCT/DK2005/

000414 filed Jun. 21, 2005, which are hereby incorporated by
reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to a culture dish for culturing
biological cells, preferably embryonic cells.

BACKGROUND OF THE INVENTION

During the course of 1n vitro fertilisation (IVF), gamets and
embryos are being handled frequently. The handling implies
physical handling, for example moving the cells from one
culture dish to another, denudation and Intracytoplasmic
Sperm Injection (ICSI) and changes in medium composition
and physical parameters such as temperature, pH and osmo-
larity. Normally, gamets and embryos are kept 1n 4-well cul-
ture dishes or 60 mm Petri dishes or the likes. These systems
are regarded as open culture systems and as such, CO, 1s very
difficult to control, because as soon as the lid 1s removed from
the culture dish, CO, evaporates leading to a change 1n pH.

Another very important parameter when culturing 1s tem-
perature. The temperature 1s very difficult to control within
the medium and during handling of embryos (e.g. changing
media, microscopy, denudation). It 1s not unusually to see
temperature tluctuations of more than £2° C., which can
reduce the viability of the cells. Using standard Petr1 dishes in
procedures such as 1n vitro maturation of eggs, 1n vitro fer-
tilization, 3-day culturing of embryos, culturing to the blas-
tocysts stage, etc. require handling of the mdividual cells/
embryos several times for each procedure. How much this
reduces the potential of the cells 1s difficult to say, but each
time the embryo 1s being handled, it involves arisk of physical
damage, a change in temperature and pH and contamination
from the surroundings, which all are factors reducing the
viability of the cell or the implantation potential of the
embryo. Thus, there 1s a need for designing a culture dish that
can optimize culture conditions during IVFE.

Additionally, practical handling of the conventional dishes
1s not optimum. In order to lift a dish, one must lift both the
bottom of the dish and the lid at the same time. It the operator
1s not careful, the operator will only lift the 1id with the result
that the dish 1s dropped.

Despite the increase of the industry related to IVFE, advan-
tage 1s primarily taken of general experience 1n in-vitro cell
culturing and only relatively few attempts have been made to
develop apparatus especially designed and optimised for IVFE.

US patent application no. 2002/0187078 Al describes a
multi-well plate for holding a chemical compound for heating,
in a microwave oven. The plate 1s a planer member having
arrays of rows and columns 1n 1ts surface. The plate has heat
reservolrs in the form of fluid filled channels positioned
lengthwise along the side portions of the plate.

U.S. Pat. No. 4,786,601 describes a tissue culture holder
which has an insulating chamber 1n its base below the culture
wells. The insulating chamber 1s filled with air or a clear
liguid, and 1t may be sealed or may have passageways for
circulating air through the chamber and up nto the space
above the wells.

U.S. Pat. No. 5,876,675 describes a microfluidic device.
One embodiment of the mmvention relates to a microflmdic
device, which incorporates a manual handling structure. This
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manual handling structure 1s shown as inwardly tapered or
insert edges, at opposing edges of the device.

Especially designed for IVF are aspects in the following
disclosures with compartments to culture embryonic cells.

U.S. Pat. No. 5,484,731 describes a multi-well In Vitro
Fertilization (IVF) plate. The plate 1s equipped with a remov-
able lid divided into adequate sections. Each section may be
moved by a sliding movement from a closed position into an
open position, thereby each exposing a plurality of wells.

U.S. Pat. No. 6,448,069 describes an embryo culturing
method and apparatus including a culturing container such as
a Petri dish. The culturing container contains a number of
compartments made from a plurality of spaced-apart pickets
which combine to form four compartments. The pickets serve
to form liquid permeable barriers between adjacent compart-
ments, and also between the growth enhancing nutrient.

U.S. Pat. No. 5,449,620 describes a method and apparatus
for culturing embryonic system cells. The apparatus provided
in this invention comprises a solid support such as a Petri dish
having a plurality of tapered depressions in the bottom
wherein a controlled concentration of a selected cell-type
may be layered mto each depression. The depressions have a
diameter of about 0.2-0.3 mm at the top and 0.1-0.2 mm atthe
bottom.

U.S. Pat. No. 5,627,066 describes a method and apparatus
for In Vitro Fertilization. The apparatus provided in this
invention comprises a culture dish which 1s equipped with a
number of micro-chambers. Each micro-chamber has a vol-
ume which exceeds the volume of an oocyte to be fertilized.
The volume of the chamber 1s generally 8 to 20 times the
volume of an oocyte.

International patent application WO 01/88087 describes an
apparatus for micro-fluidic handling of embryonic cells
including a transport network formed by a generally embryo
scaled channel (micro-channels) 1s disclosed.

Finnish patent application FI 884 551 by Jukka Hayrinen
discloses a culture dish comprising a basic structure with a
number of macro wells for culturing oocytes and a rotatable
l1d with openings adapted to a row of macro wells such that
when the opening 1s aligned with this row of macro wells,
access 1s possible to four macro wells through the opening 1n
the lid. The access to at least four wells at a time leads to
unnecessary evaporation of carbon dioxide unnecessary heat
loss, which 1s a disadvantage.

U.S. Pat. No. 5,891,712 discloses a drop culture dish with
indentations in the bottom with alphabetical markings.

Maicro channels for oocytes are disclosed in S. M. Willad-
sen “A method for culture of micromanipulated sheep
embryos and 1ts use to produce monozygotic twins”. Nature
Vol. 277, pp. 298-299, Jan. 25, 1979 and 1n H. H. van der Ven
et al. “Fertilization of human oocytes 1n capillary tubes with
very small numbers of spermatozoa”, Human Reproduction
Vol. 4 no. 1 pp. 72-76, 1989. Micro-channels with barriers to
hold an oocyte 1n, while 1t 1s exposed to fluid tlow through the
channel 1s disclosed in U.S. Pat. No. 6,193,647 or reported 1n
Glasgow et al. “Individual embryo transport and retention on
a chip” published in Micro Total Analysis systems 1998, p.
13-18, October 1989, and in H. C. Zeringe et al. “Micro
fluidic single embryo in PDMS”, presented at 21°* Ann. Int’].
Cont. of the IEEE Eng. 1n Med. and Bio. Soc. and the 1999
Ann. Fall Meeting of the Biomed. Eng. Society, Atlanta, Ga.,
Oct. 13-16, 1999.

Though, the abovementioned specially designed culturing,
dishes have improved the handling of oocytes for IVFE, still
needs for 1mprovements exist. Hspecially aspects like
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reduced evaporation of carbon dioxide, pH stability and
reduced heat loss are of concern.

DESCRIPTION/SUMMARY OF THE INVENTION

It 1s therefore the object of the mnvention to provide a dish
tor IVF with improved applicability, especially with reduced
evaporation of carbon dioxide, implying enhanced pH stabil-
ity.

This object 1s achieved by a culture dish comprising a basic
structure with a number of macro wells for culturing oocytes,
the culture dish further comprising a lid with a movable part,
the movable part having an opening adapted to the size of the
macro wells, the movable part being movable between a first
position, where all macro wells are closed by the lid and
turther positions where for each further position, the opening
1s aligned with one of the macro wells to allow access to only
one macro well at a time through the opening in the Iid.

Thus, according to the invention, the lid does not have to be
lifted off 1n order to access the wells. A lifting of a lid causes
substantial convection of the air around the lid and 1ncreases
the evaporation, whereas a gentle rotation or sliding action
reduces convection. Furthermore, due to the construction of
the culture dish, only one well 1s accessible at a time. Even it
the access to a well lasts for a substantial amount of time, the
other wells are not atfected, because no evaporation and tem-
perature change occurs as no lid 1s opened over all the wells.
Overall, unnecessary evaporation of especially CO, 1s pre-
vented, which implies enhanced pH stability. Furthermore,
heat loss 1s reduced for the other wells.

In a practical embodiment, the movable part, typically
made of a transparent material, 1s a rotational disc that 1s
rotatable between the first and the further positions. In this
embodiment, the macro wells would be arranged 1n a circular
manner. Alternatively, the movable part could be a sliding
arrangement. In this embodiment, the macro wells could be
arranges linearly. However, other embodiments are possible.

In comparison with the culture dish as disclosed in the
above mentioned Finmish patent application FI 884 551, the
culture dish according to the invention has another advantage.
In the culture dishc of FI 884 551, the entire 1id 1s rotated in
order to open or close the wells. 1n addition, the lid extends
around the edge of the underlying dish. This implies that the
rotation cannot be performed with one hand—or at least can
only be performed very hardly been performed with one
hand. However, for the medical assistant, a one hand opening,
and closing 1s highly desirable. For a culture dish according to
the invention, the lid itself 1s not to be rotated 1n order to get
access to a single well, but only a part of the lid has to be
moved. Thus, the culture dish with the lid can be held 1n one
hand, where, for example, the thumb of the same hand 1s
casily used for moving/rotating the movable part, such as a
rotatable disc on the Iid.

As will be apparent from the following aspects, the culture
dish according to the invention provides a number of related
solutions in order to improve the art of culture dishes for IVE,
though the dish can be used for other purposes as well. Fur-
ther means for reducing heat loss during handling of the
culture dish 1s giving 1n the following embodiment.

The basic structure may comprise a bottom cup and a
covering top part containing the wells. A cavity between the
top part and the bottom cup may be filled with a liquid,
typically water, 1n order to act as a heat reservoir into which
the walls of the wells extend for thermal contact with a fluid
in the cavity. In order to be optimal efficient, the cavity may
extend not only around the side walls of the wells but also
underneath the bottom of the wells. As the volume of the
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cavity 1s larger than the volume of the wells, liquid 1n the
cavity functions as an efficient temperature buffer for the
culture medium 1n the wells. When the culture dish 1is
removed from a temperature stabilised environment, heat loss
1s reduced substantially 1n comparison with culture dishes
without liquid reservoir 1n thermal contact with the wells.
This 1s especially important, 11 the handling takes place on
benches with laminar air flow, where the air has a lower
temperature.

Also, when the culture dish 1s placed on a heating plate, for
example 1n an incubator, the heat transfer from the heating
plate to the culture medium 1n the wells 1s gentler, because 1t
has to traverse the liquid in the cavity first.

In order to assure a proper heat transport from a heating,
plate to the temperature butler liquid, the outer side of the
bottom part 1s plane. Typically the bottom cup or the top part
or both are made of a transparent material, for example poly-
mer. This way, cells 1in the dish are easily observed through a
microscope without opening the lid.

The macro wells may be provided with a number of depres-
sions or micro wells for keeping the oocytes or embryos
protected from floating around during fluid convection in the
macro well. By placing one oocyte or embryo 1n such a micro
well, the operator knows the location of 1t and does not have
to search for 1t 1n the medium. A possible form of the micro
wells 1s cylindrical, for example with a diameter o1 0.4 mm or
larger, even with diameters of 44 mm, and a depth 01 0.3-0.7
mm optionally implying a conical top for easier access and
pipetting. In addition, the macro wells may contain a slightly
larger micro well for semen. The slightly larger micro well
may be connected to the oocyte micro wells with channels for
leading spermatozoa from the semen micro well to the oocyte
micro well.

The culture dish may also comprise at least one pair of
handling wells, typically a number of pairs of handling wells,
where the two handling wells of the at least one pair are
connected by a micro channel. The diameter of such a micro
channel may have a size adapted to the size of an oocyte, for
example with a diameter that 1s only slightly larger than an
oocyte or with a diameter that 1s up to a few times the diameter
of an oocyte. Such micro channels may be used for fertilisa-
tion in the channel or for the first/initial culture periods of
embryos. The advantage 1s that the micro channel 1s so narrow
that fluid that flows through the channel are forced into the
very near vicinity of the oocyte, for example for flushing and
cleaning the oocyte. By reducing the volume of media, 1t 1s
easier to control the amount of carbon dioxide, CO,, and the
oxygen, O,, 1n the medium, because the diffusion constant 1s
reduced. Additionally, by reducing the volume, the autocrine/
paracrine substances released by the cell will notbe diluted as
seen 1n culture systems with much larger volumes, which 1s
regarded as an advantage with regard to the fertile/implanta-
tion properties or potential of the oocyte/embryo.

In order to prevent the oocyte to be flushed out of the micro
channel accidentally, the micro channel may comprise a rest-
ing chamber with an obstacle that prevents the oocyte to pass
the obstacle but which allows fluid to pass it. The obstacle
may, for example, be a grnd with an adapted mesh size.

The at least one pair of handling wells and the micro
channel may be constructed as a unit that may be placed into
the top part and exchanged from the top part 1f desired. For
example, such units may be prepared and placed in a different
location for storage with medium and placed into the top part
when needed.

The culture dish may comprise a temperature indicator for
indicating the temperature of culture medium in the wells. For
example, the temperature indicator may imply built-in micro
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sensors or a temperature strip with temperature indication by
changing colours or changing intensities. As the temperature
of the culture in the wells 1s approximately equal to the
temperature of the liqud in the cavity, the sensor may be
placed 1n thermal contact only with the cavity liquid. The
advantage 1s that there 1s not direct contact of the temperature
sensor with the culture medium of the oocytes, such that any
concern about contamination of the oocytes due to possible
non sterility of the temperature sensor 1s prevented.

The culture dish could also contain an electronic 1dentifi-
cation of the culture dish as seen in the RFID (Radio Fre-
quency Identification) technology. It 1s very important that
the individual culture dish can be identified such that no
mistake 1t being committed when transierring the cells back
into the patient. Also this technology could be coupled with a
similar tag or 1d bracelet that the patient 1s carrying. This way,
the dish (with the cells) and the patient may be coupled. In a
computer database identification of dishes may be stored and
related to specific patients. Therefore, the mvention also
implies a combination of such a culture dish with an ID
indicator intended to be worn by a person to which the culture
dish 1s related, wherein the ID indicator and the RFID tag
have means for mutual association, for example 1dentical 1D
numbers.

In addition to a unique 1identification, production data could
also be added, for example production date, batch number etc.

RFID technology could also be used to generate data in the
lab that shows the time when the dish 1s removed from the
incubator, how long the culture dish was outside the incubator
who performed this operation etc. Each time a person handles
the dish, the tag inside the culture dish 1s read by a RFID
reading device. This could be a valuable tool 1n the quality
control of the clinic and important documentation against
lawsuits from e.g. patients.

The culture dish according to the invention may comprise
passive RFID tags which do only response to calling RF
signals by a transmission of the 1dentity of the tag. By incor-
porating these tags mto the dish, the information can be read
in an 1dentification and control zone, ID zone, which 1s aradio
transmitter/recerver with connected computer system that can
be build into the IVF workstation, where cells are handed
manually. All data storage 1s then performed by a computer
system connected to the RFID reading device. For example,
the system may store the time, when culture dishes are
removed from the incubator and when they are replaced. In
addition, handling at different work stations may be recog-
nized by the ID zone and stored for later control.

Alternatively, the culture dish may comprise an active sys-
tem with a microprocessor and an RFID tag. In the latter case,
parameters such as but not resticted to temperature, carbon
dioxide concentration and/or pH, or other metabolic param-
cters measured by suitable sensors that are connected to the
micro processor, may be transferred as digital data to the
micro processor and stored therein, after which the data can
be read from the micro processor by using RFID technology.

By incorporating these RFID tags into the culture dish,
temperature logs could be generated enabling the embryolo-
g1st 1n retrieving this very important information. This data
are valuable for validating and controlling the culture period.
Temperature or stable temperature conditions are believed to
be of highest importance 1n cell culturing. For example, the
micro processor or the computer system may 1nitiate an alarm
in case that the culture dish i1s removed from the incubator for
a time length above a predetermined value, or 1 the param-
eters such as temperature, carbon dioxide content, pH or
others deviate from a pre-set intervals.
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The temperature could be read in the water reservoir
around the dishes such that the sensor does not come into
contact with the culture itself in the well. This minimizes the
risk for contamination. A carbon dioxide sensor may measure
the carbon dioxide content 1n the gas above the culture and
would also be prevented from contaminating the culture.

An active heat element could be build into the dish as well,
so the dish 1tself would be a self contained unait.

In order to minimize the risk for mistakes, the culture dish
according to the mvention may comprise indicators for dii-
ferent time settings. For example, the culture dish may have a
part of 1t coloured 1n a special colour, where the colour 1ndi-
cates the day of the week, where the cell sample has been
cultured. This part could among others be the lid without the
rotating disc being coloured. Colouring only the lid has the
advantage that microscopy of the cell culture would not be
influenced, because the bottom of the well would still be clear,
and the rotating disc would be clear as well. It 1s envisaged
that such a colour 1indication could be obtained by a clearly
recognizable but only slight colouring of the clear plastic 1id.

The lid of the culture dish 1s supported by the top part or the
rim of the bottom cup or by a combination of these. The
structure of the basic part 1s made such that 1n one position,
the lid rests tightly over the wells and substantially closes the
wells, whereas 1n a second position, for example 1 a 90
degrees or 180 degrees rotated position, the lid rests with a
slight distance over the wells. This semi-closed position 1s
desirable when the culture dish 1s placed 1n a CO, incubator
with CO, exchange between the gas 1n the incubator and the
culture medium 1n the well.

When a culture dish 1s outside the incubator, condense may
appear on the lower side of the lid. To prevent that condensa-
tion on the lid 1s scraped oif and runs down into one of the
wells when turning the Iid, the lid 1s elevated when turned
thereby preventing condense to be scraped oif. On the other
hand, the lid may be desired to be tightly above the wells
when no wells are accessible. For this reason, in a further
embodiment, the l1id 1s lowered when 1n a position where all
wells are closed and lifted slightly when turned towards the
position where one well 1s accessible. Such a lifting move-
ment can be achieved by an upward sliding mechanism on a
ramp during rotation. If using smooth material as polymer,
the rotation of the 11d can be performed by the gentle moving
touch of a single finger, even when a lifting-lowering mecha-
nism on a ramp 1s applied. Alternatively, the movable part,
such as the disc, may be scooped out on those locations that
normally are located above the macro wells. In this case,
condensations will be located 1n these hollows and will not be
scraped off during movement of the movable part.

As 1t 1s apparent from the foregoing, the culture dish
according to the mnvention has a number of related features for
improvements over known techniques. Using macro wells,
handling wells and micro-channels, a culture dish according
to the 1nvention may be used for the complete culturing of
oocytes including the fertilisation process. The combination
of macrowells and microchannels gives and all-in-one culture
system optimizing fertilization and culture (by reducing cul-
ture volume, and thereby creating a microenvironment) and
cases handling by reducing handling of the cells. Using only
one dish eases the work of the operator and reduces the risk
for mistakes and accidents.

SHORT DESCRIPTION OF THE DRAWINGS

The invention will be explained and examplified 1n more
detail with reference to the drawings, where

FIG. 1 shows a drawing of the culture dish,
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FIG. 2 shows a close-up view of a section of the culture
dish,

FIG. 3 shows how the security lid and the handling grips
are 1ntegrated parts of the overall design of the culture dish,

FIG. 4 shows a basic structure which comprises a top part
and a bottom cup,

FIG. 5a shows an embodiment of the invention where a
temperature sensor 1s built into the culture dish,

FI1G. 556 shows another embodiment of the invention where
a temperature sensor 1s built into the culture dish,

FIG. 6a shows an embodiment of the macro-well,

FIG. 66 shows an alternative embodiment of the macro-
well,

FIG. 6c¢ 1s a close up illustration of a micro well,

FIG. 7 shows an embodiment of the handling wells and
micro-channels,

FIG. 8 shows an embodiment of the invention where the
relative position of the macro-wells and micro-channels are
shown,

FI1G. 9 shows an embodiment of the so called resting cham-
ber,

FI1G. 10 shows a close-up view of the handling well,

FIG. 11 shows the principle 1n system with exchangeable
micro-channel units may be used, and

FI1G. 12 shows a warming block for micro-channel units

FIG. 13 1s an alternative embodiment of the culture dish.

DETAILED DESCRIPTION/PREFERRED
EMBODIMENT

In FIG. 1, an embodiment of the culture dish 1 according to
the mvention 1s illustrated. The culture dish 1 comprises a
basic structure 2 and a lid 3. The basic structure 2 comprises
a plurality of macro-wells 4 for culturing oocytes and
embryos and handling wells 14 pair wise connected by micro-
channels 3 for fertilisation.

The culture dish 1 1s equipped with four handling grips 6
which have upstanding lips 13, shown 1n more detail FIG. 3,
between which the lid 3 during use rests 1n recesses 7. The
upstandmg lips 13 embrace the 11d 3 at concave part 12 of the
rim such that the 1id 3 1s not acmdentally lifted off the dish 1
when handled by the handling grips 6. Thus, the handling
Iture dish 1. On the other

grips 6 make it safer to carry the cu
hand, when the 11d 3 1s to be lifted off the dish 1, this 1s easily

performed by a gripping action with fingers placed on convex
part 12' of the nm of the 11d 3 on opposite recesses 7, in which
the 11d 3 1s supported and extends outside the periphery of the
basic structure 2. This 1s seen 1n more detail 1n FIG. 3.

There are shown 4 handling grips 6, but it should be appar-
ent to anyone skilled in the art that the number of handling
orips may be different than depicted 1n FIG. 1.

The l1d 3 1s equipped with a rotational disc 8 whish can be
rotated around the axis 9 as depicted by a dashed line. The lid
3 underneath the rotational disc 8 1s equipped with four win-
dows 10 corresponding to the macro wells 4, and the rota-
tional disc 8 comprises an opening 11 which by rotation can
be aligned with one of the windows 10 1n order to give access
to the macro wells 4 below the aligned window 10. With the
rotational disc 8 in the Iid 3, it 1s only possible to expose one
macro-well 4 at a time. Thus, this functionality substantially
reduces the evaporation of CO,, from the macro-wells 4 and
hence enhances the pH stability as well as the temperature
stability inside the macro-wells 4. This functionality 1s of
crucial importance for the viability of the cultured cells.

In the shown embodiment, either one macro well 4 will be
accessible at a time or one handling well 14 1n order for the
other wells 4, 14 to be covered. For this reason, one of the
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handlings wells 14 or one of the macro wells 4 may be a
dummy and not for culturing use 1n order to have a position of
the opening 11 1n the Iid 3, where all wells are covered.

Also mdicated 1in FIG. 1 are downwards directed, ring-
formed elevations 17 that function as scoops 1n which con-
densed water can accumulate without being scraped off the
disc 8 during rotation of the lid 3. By preventing this accu-
mulated water from being scraped into the macro wells, the
risk for contamination 1s reduced.

In FIG. 2 a close-up view of a section of the culture dish 1
1s shown, where the ergonomic design of the-culture dish 1 1s
depicted. The handling grips 6 have inwardly tapered edges
with a negative slope 20 toward the bottom of the culture dish
1. The curvature of the grips 6 should be such that the culture
dish 1 1s convenient to hold 1n a hand. Grips 6 1n the form of
arcs with a radius 1n the order of 36 mm or larger has been
proved to be convenient. The ergonomic design gives a better
ogrip when carrying around the culture dish 1, and the
inwardly tapered slope 20 of the handling gnps 6 reduces the
risk of droppmg the culture dish 1 when carrying 1t around.

FIG. 3 gives a view of how the security lid 3 and the
handling grips 6 are integrated parts of the overall design of
the culture dish 1. The grips 6 are negatively inclined with a
slope 20 of minimum 8 degrees. When the security lid 3 1s
placed on the basic structure 2 1n the recesses 7, concave part
12 of the rim of the security 1id 3 lies behind the lips 13, thus
making 1t impossible to lift the security 1id 3 of by an accident
when gripping the concave grips 6. When the security Iid 3
needs to come off the lid 3, it 1s lifted at the edge 31 of the
convex part 12' of the rim of the lid 3 1n the recesses 7. This
poses a tremendous advantage as compared with conven-
tional Petri dishes 1n which the edge of the 11d 1s outside the
edge of the dish 1itself. The use of conventional Petri dishes
may lead to accidents because the person who handles the
dish only gets a grip around the lid instead of the dish 1tself. It
1s important to avoid such accidents because the supply of for
example oocytes and embryos are may be scarce. Moreover,
it may be associated with some risk to the implicated 1ndi-
viduals 1f further operational surgery i1s needed 1n order to
secure a new supply of oocytes, which again 1s added to the
psychological stress of the implicated individuals and their
relatives.

The culture dish 1s provided with four small holes 15 1n the
basic structure 2 corresponding to four pins 16 which fit into
the holes 15 only for a certain position. In this position, the lid
3 fits tightly to the basic structure 2 1n order to prevent evapo-
ration from the wells 4, 14. If the lid 1s placed 1n a 180 degrees
rotated orientation on the basic structure, the pins 16 are offset
with respect to the holes 15 such that they do not any longer
fit into the holes 15 but rest on the surface of the basic
structure 2. Inthis position, the I1d 3 1s placed 1n a semi-closed
position where 1t 1s possible to ventilate the culture wells.

In FIG. 4 1s 1llustrated a basic structure 2 which comprises
two main parts: A bottom cup 40 and a covering top part 41.
The top part 41 may be equipped with four macro-wells 4 and
four micro-channels 3, each connecting a pair of handling
wells 14. It 1s stressed at this point that other configurations of
wells and micro-channels 5 may be advantageous under cer-
tain circumstances and that the present invention by no means
1s restricted to this configuration which 1s merely meant as an
illustration.

The top part 41 and the bottom cup 40 may be constructed
as one piece or as two mutually demountable parts. In the
latter case, the same bottom cup 14 may be reused with
different top parts 41. This makes 1t possible for the manu-
facturer to produce and sell spare top parts 41 with a plurality
of configurations of wells and channels applicable for a wide
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variety of purposes. Furthermore, it 1s more cost efficient and
environmentally acceptable to the user of the culture dish 1.

The top part 41 1s designed such that due to the negative
slope 20 of the periphery of the bottom cup 40 toward the
bottom, the edge of the top part 41 will rest on the inner sides
43 of the edge of the bottom cup 40, thus, leaving a cavity
between the bottom of the bottom cup 40 and the top part 41.

The cavity between bottom cup 40 and the top part 41 may
be filled with a transparent sterile liquid. The liquid may be
added through two holes 44 1n the top part 41. It should be
apparent to anyone skilled 1n the art that the numbers, size,
and position on the holes 44 may, according to the invention,

be different than depicted in FIG. 4.

This transparent sterile liquid 1s a part of the Temperature
Stabilizing System (TSS) of the culture dish 1. The use of a
temperature bufler liquid that completely fills the cavity
between the bottom of the bottom cup 40 and the top part 41
and which completely surrounds the culture wells will sub-
stantially reduce the temperature vaniations in the culture
medium of the wells 4, 14. A fabrication of the bottom cup 40
and the top part 41 with transparent material implies a mini-
mised interference with observation of the cells 1n the culture
dish 1 i1 a transparent liquid 1s applied. In fact, a water layer
between the bottom and the middle layer actually improves
visibility, just a drop of water between an object glass and
cover glass. Heat 1s transierred to this liquid by means of
conduction from a heated surface through the temperature
buffer liqmud that surrounds the wells, or heat can also be
transierred by means of convection as is the case when the
culture dish 1 1s placed inside an incubator.

The special security Iid 3 1s also part of the TSS system and
important part in reducing temperature variations. The Iid 3
insulates and since 1t only discloses one well 4 at a time the
evaporation from the wells 4 are kept at a minimum and there
by reduces heat loss.

In FIG. 5a 1s 1llustrated an embodiment of the mnvention
where a temperature sensor 50 1s built into the culture dish 1.
The temperature sensor may be incorporated 1n the reservoir
of the TSS system. The temperature of the reservoir and
medium 1s roughly the same or 1t will deviate by a certain
small amount, thus, the sensor gives an indirect measure of
the temperature i the medium. In FIG. 556 1s illustrated
another embodiment of the mvention where a temperature
sensor 51 1s placed 1in the centre of the culture dish 1.

There are several reasons for placing the sensor in the
reservolr: Embryologists will be concerned about contami-
nation of the embryos 11 placed 1n the same place as the cells
and secondly, the sensor could block the view for doing
microscopy. At this point 1t 1s stressed that the culture dish 1
may be used to culture other kind of cells than embryonic
cells, but since IVF may be the main usage of the culture dish
1, 1t 1s repeatedly referred to this science 1n the present appli-
cation. The built 1n temperature sensor 30 and 51 could alter-
natively be a micro sensor or a LC temperature strip.

In FIG. 64, amacro-well 1s shown with four micro-wells 60
for the oocytes and one larger micro-well 61 for semen,
placed 1n the middle of the four micro-wells 4. In FIG. 6b 1s
illustrated another embodiment of a macro-well 4 comprising
tour micro-wells 60 for the oocytes and one micro-well 61 for
semen, where the semen micro well in the micro-well 61 1s
connected by channels 70 to the micro-wells 60 containing
the oocytes. The channels 70 guide the sperm cells to the
oocytes and optimize fertilization.

In FIG. 6c¢, a possible configuration of a micro well 60 1s
shown as an enlargement indicated by the cone 67. The micro
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well 60 has a cylindrical lower section 65 for resting of the
oocyte/embryo and a tapered upper section 66 for easy pipette
access.

In FI1G. 7 1s 1llustrated an embodiment of a pair of handling,
wells 14 with a micro-channel 5, where the over all shape of
the micro channel may be mainly cylindrical. In FIG. 8 1s
illustrated an embodiment of the invention, where the relative
position of the macro-wells 4 and micro-channels 5, are
shown.

The handling wells 14 make 1t possible to handle the cells
within the micro culture channel 5. This handling can be
performed by pipettes as 1s illustrated in more detail 1n FIG.
10 which 1s a close-up view of the handling well 14. This kind
of handling wells 14 where ordinary pipettes may be used to
introduce medium or cells and to create pressure or vacuum 1n
the micro culture channels 5 1s advantageous, since no speci-
ality tools are necessary for handling the cells while inside the
micro culture channel 5. The tip 100 of a pipette 1s shown as
dashed lines. The unique functionality of the design shows
how the tip 100 of a pipette fits the nozzle construction 63 of
the micro culture channel 5. The inclination of this nozzle
construction 63 makes 1t possible to do microscopy at the
same time as pipetting. The nozzle construction 63 1s placed
at either end of the micro channel 5.

When inserted 1nto the micro channel, oocytes 91 may be
placed 1n the resting chamber, which 1s shown 1n more detail
in FI1G. 9. In FIG. 9 only one embryo 91 1s shown, but there 1s
no hindrance for several embryos may be placed in one
micro-culture channel 5 at the same time.

Embryos may be inserted mto the micro channel 5 by
flushing them into the channel through the pipette 100. In
turn, oocytes may be removed from the micro-channel 3 by
applying vacuum. Vacuum 1s created by pipettes or the like.
Pressure and vacuum 1s applied to transport cells, add and
remove medium and removal of cumulus cells.

Another property of the micro channel 3 1s that 1t may be
inclined 1n such a way that by the force of gravity, the embryo
may be mowed towards the resting chamber 64 of the micro
culture channel 5.

In FIG. 9 1s illustrated an embodiment of the so called
resting chamber 64, comprising an embryo 91. An obstacle 92
1s used to prevent the embryo 91 to escape the micro channel
5 when performing denudation, change of medium or the like.
The special obstacle 92 makes it possible to remove the
cumulus complex from an embryo while inside the resting
chamber 64. The obstacle 92 also prevents the embryos 91
from being sucked out during medium change or other han-
dling.

The functionality of the culture dish makes it possible to
observe the cells with both stereo microscopes and inverted
microscopes. The resting chamber 64 (resting during culture)
may also used for observation at the same time. The cells can
be monitored without removing the 11d 3, as the material of the
dish 1s transparent.

In FIG. 11 1s 1llustrated an embodiment of the invention
showing the principle 1n an exchangeable system where dif-
ferent sizes of micro channel units 111 may be used. The
unique functionality 1n the design makes 1t possible to change
individual micro culture channel units 111 with other micro
culture units having different dimensions or functions. This 1s
another aspect which makes the culture dish 1 more versatile.

In FIG. 12 1s 1llustrated, where the individual micro culture
channel units 111 may be placed 1n a warming block 120. The
warming block 120 has the same kind of 11d 3 as the culture

dish 1. The warning block 120 may be round, rectangular or
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of any other desirable form and contain a plurality of micro-
channel units 111, macro wells 4 and micro-wells (60, 61) or
a combination of them.

In FIG. 13, an alternative embodiment of a culture dish 1
according to the mvention 1s shown. This dish 1 comprises
five macro wells 4, of which four have micro wells 60 and are
used for culturing and wherein the fifth well 4' without micro
wells 1s used for cleaning/tlushing purposes. This culture dish
1 further comprises a circular region 130 enclosed by a cir-
cular wall 131, inside which, the temperature buifering water
reservolr 1s located. This circular wall 131 1n the bottom cup
40 has the advantage, that 1t 1s easily and safely tightened
against the corresponding sealing ring 1n the top part 41 when
the culture dish 1 1s assembled. Water can be filled into the
reservolr 1nside the wall 131 through a central opening 44",
Alternatively, the dish could comprise of five macro wells
with micro wells and five macro wells with no micro wells.

As described 1n the foregoing, the culture dish according to
the invention provides a number of related solutions in order
to improve the art of culture dishes for IVE.

The mvention claimed 1s:

1. A culture dish (1) comprising a basic structure (2) with a
number of macro wells (4) for culturing oocytes, the culture
dish further comprising a Iid (3) with a movable part (8), the
movable part (8) having an opening (11) adapted to the size of
the macro wells (4), the movable part (8) being movable
between a first position where all macro wells are closed by
the l1id (3) and further positions where for each further posi-
tion the opening (11) 1s aligned with one of the macro wells
(4) to allow access to only one macro well (4) at a time
through the opening (11) 1n the l1id (3).

2. A culture dish according to claim 1, wherein the movable
part 1s a rotational disc (8) that 1s rotatable between the first
position and the further positions.

3. A culture dish according to claim 2, wherein the 1id (3) 1s
configured to have a low state in the first position 1n order to
tightly cover the wells (4) 1n the first position and where the
lid (3) has a lifted state at the further positions in order to
prevent scraping of condensations during rotation.

4. A culture dish according to claim 1, wherein the movable
part (8) 1s configured with elevations as scoops (17) adapted
to the macro wells for gathering of condensation 1n the scoops
in order to prevent scraping of condensation from the mov-
able part (8) during movements of the movable part.

5. A culture dish according to claim 1, wherein the basic
structure (2) comprises a bottom cup (40) and a top part (41)
with a cavity between the bottom cup (40) and the top part
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(41), the top part (41) comprising the wells (4), the walls of
the wells (4) extending into the cavity for thermal contact
with a fluid 1n the cavity 1n order for the cavity to act as a heat
reservoir for the wells when liquid 1s present 1n the cavity.

6. A culture dish according to claim 5, wherein the cavity
extends around the side walls of the wells (4) and underneath
the bottom of the wells (4).

7. A culture dish according to claim 1, further comprising
at least one pair of handling wells (14), the two handling wells
(14) of the at least one pair being connected by a micro
channel (8), the diameter of the micro channel (5) having a
s1ze adapted to the size of an oocyte.

8. A culture dish according to claim 7, wherein the micro
channel (5) comprises a resting chamber (64) with an obstacle
(92) for preventing an oocyte (91) to pass the obstacle (92) but
for allowing fluid to pass the obstacle.

9. A culture dish according to claim 7, wherein the at least
one pair of handling wells (42, 62) and the micro channel (5)
are constructed as a unit (111), the unit being placeable and
exchangeable 1n the top part (41).

10. A culture dish according to claim 1, wherein the culture
dish comprises a temperature indicator (50, 51) for indicating
the temperature of the culture medium in the wells.

11. A culture dish according to claim 1, wherein the culture
dish comprises an RFID tag for identification.

12. A culture dish according to claim 1, wherein the culture
dish comprises at least one sensor for measuring temperature,
pH or carbon dioxide concentration of the culture, wherein
the sensor has an electronic readout.

13. A culture dish according to claim 12, wherein the
culture dish comprises a micro processor connected to the
clectronic readout for receiving and processing electronic
signals from the sensor.

14. A culture dish according to claim 13, wherein the micro
processor 1s programmed to create an alarm signal when the
at least one sensor measures parameters outside a predeter-
mined range.

15. A culture dish according to claim 14, wherein the
culture dish comprises an active RFID tag that 1s electroni-
cally coupled to the micro processor for transmission of data
from the micro processor to a remote computer.

16. A combination of a culture dish according to claim 11
and an ID indicator intended to be worn by a person with
which the culture dish 1s related, wherein the ID indicator and
the RFID tag have means for mutual association.
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